Target-specific innervation of embryonic cerebellar transplants by regenerating olivocerebellar axons in the adult rat.
The reestablishment of topographically organized connections is a necessary prerequisite to obtain a full anatomical repair following brain injury. One system where such an issue can be addressed is the olivocerebellar system, where, normally, clusters of inferior olive neurons project to neurochemically heterogeneous Purkinje cell compartments defined by the expression of cell-specific markers, such as zebrin II. To assess whether adult injured olivocerebellar axons that regenerate into cerebellar transplants are able to establish target-specific innervation of grafted Purkinje cells, we made surgical transections in the white matter of adult rat cerebella and placed solid grafts from the embryonic cerebellar anlage into the lesion site. The transplanted tissue developed highly organized minicerebella, in which Purkinje cells were distributed into distinct clusters of zebrin II-immunopositive or -immunonegative neurons, mimicking the cortical compartments present in the normal adult cerebellum. Olivocerebellar axons, labeled by biotinylated dextran amine tracing, regenerated into the transplants where they formed discrete patches made of several terminal arbors impinging upon Purkinje cell dendrites. Among 401 such climbing fiber patches, 96% exclusively innervated Purkinje cells of either phenotype and stopped at the border of the zebrin II(+/-) Purkinje cell clusters, whereas only 4% were extended across this boundary and innervated both zebrin II-positive and -negative Purkinje cells. The results obtained support the view that the embryonic cerebellar tissue provides target-specific information that can be decoded by ingrowing adult olivocerebellar axons in order to establish appropriate innervation patterns with zebrin II-positive or -negative Purkinje cell compartments.